Objective: To determine those groups who are at increased risk of smoking related diseases, we assessed in which male and female generations smoking was more prevalent among lower educated groups than among the higher educated, in 11 European countries. Design: Cross sectional analysis of data on smoking, covering the year 1998, from a social survey designed for all member states of the European Union. Subjects: Higher and lower educated men and women aged 16 years and older from 11 member states of the European Union. Outcome measures: Age standardised prevalence rates by education and prevalence odds ratios of current and ever daily smoking comparing lower educated groups with higher educated groups. Results: A north-south gradient in educational inequalities in current and ever daily smoking was observed for women older than 24 years, showing larger inequalities in the northern countries. Such a gradient was not observed for men. A disadvantage for the lower educated in terms of smoking generally occurred later among women than among men. Indications of inequalities in smoking in the age group 16-24 years were observed for all countries, with the exception of women from Greece and Portugal. Conclusions: Preventing and reducing smoking among lower educated subgroups should be a priority of policies aiming to reduce inequalities in health in Europe. If steps are not taken to control tobacco use among the lower educated groups specifically, inequalities in lung cancer and other smoking related diseases should be anticipated in all populations of the European Union, and both sexes.
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Many authors refer to the description of the diffusion of innovations of Rogers, 2 to understand the diffusion of smoking in populations. [3] [4] [5] The lag in the adoption of smoking between higher and lower socioeconomic groups, and the lag in adoption between men and women, two well established aspects of the diffusion of smoking in western countries, 3 6 7 are both in accordance with the description of Rogers. 3 7 These two aspects are both described in the trajectory of the diffusion of smoking that is referred to as ''the smoking epidemic''. 8 The smoking epidemic is divided into four stages. In the first stage, prevalence of smoking is low among men and women. In the second stage, the prevalence rises rapidly among men as smoking becomes more and more fashionable, reaching levels of 50-80%. The prevalence among women also rises, typically with a lag of about two decades later than among men. In the third stage the prevalence of smoking has peaked and starts declining among men. After a delay of a few decades it starts declining among women as well. In the fourth stage the prevalence of smoking continues to decline, slowly reaching a stable minimum prevalence level. Because the higher educated are the first to adopt innovations, this trajectory starts earlier among the higher educated than among the lower educated. This means that as the smoking epidemic evolves the lower educated men and women become disadvantaged in terms of smoking prevalence only in the later stages of the epidemic, after the decline of smoking among higher educated men and women has set in.
At present, many northern European countries have reached the fourth stage of the smoking epidemic, which is characterised by persisting or widening socioeconomic differences in smoking, even though overall prevalence of smoking is decreasing. 8 Socioeconomic inequalities in smoking in southern European countries are found to lag behind those of northern European countries, and southern European countries have mostly reached the third stage of the smoking epidemic. 3 5 6 It is of interest to monitor socioeconomic inequalities in smoking in the south of Europe as well because these inequalities may well be different in magnitude from those experienced before by the northern countries that reached this stage earlier. For example, because of increased awareness of the health effects of smoking and increased policy attention to smoking in Europe, the prevalence of smoking may peak at lower rates among the lower socioeconomic groups in those countries that lag behind in the smoking epidemic. This argument similarly counts for comparing socioeconomic inequalities among women to those among men, because women mostly lag behind men in the smoking epidemic.
Several questions about current (and future) socioeconomic inequalities in smoking in European countries are therefore still open. How will inequalities in smoking evolve among men in countries that have reached the fourth stage of the smoking epidemic? Will inequalities in smoking in southern countries evolve in the same way as in northern countries? Will inequalities in smoking among women evolve in the same way as among men?
By determining socioeconomic inequalities in smoking among several generations of men and women at a given point in time, we can obtain a picture of how inequalities in smoking have evolved in recent years. The purpose of this study is to determine the association of socioeconomic status with smoking in several generations of men and women using cross sectional data from 11 European countries at the end of the 1990s.
DATA AND METHODS
We analysed data from the European Community Household Panel survey (ECHP), which is a social survey designed for the member states of the European Union. The survey used a uniform random sampling design, targeting the national household population of the countries included, and using common blueprint questionnaires. The data were collected by national statistical institutes or research centres. Data checks, weightings and imputations were done centrally by the Statistical Office of the European Communities (Eurostat). Eurostat prepared a user's database from the data of all countries, which included cleaned and encoded data and was ready to use for analyses. For more information about the design of the ECHP we refer to an extensive review of the design and procedures of the ECHP elsewhere. 9 The data for the current study are from the fifth wave of the survey, in 1998, the first year that smoking data were collected. Countries that were a member state of the European Union in 1998, but did not yet include data on smoking during the fifth wave of the ECHP study, were not included in this study. These countries were France, Luxembourg, and The Netherlands.
Information on response rates is given in table 1. This table gives the household non-response percentages of the first wave of the survey and of the percentage of persons lost to follow up until the fifth wave. There are large differences between countries in the response rates. The relatively high response rates in Greece and Italy are probably related to the fact that survey participation in these countries is compulsory. The low response rates in Germany reflect mostly a refusal of subjects to participate. 9 Non-response and attrition would present a problem in our study if they were related to educational level. Some analyses have been performed on attrition in the ECHP, which showed that attrition was only weakly related to educational level. 10 Surveys from Ireland, Italy, Greece, Spain, Austria, and Portugal tended to lose disproportionately participants with a higher level of education, while the reverse occurred in surveys from Germany, Denmark, Belgium, and the UK.
Level of completed education was used as a measure of socioeconomic status. Three education levels were formed based on the International Standard Classification of Education (ISCED) 12 : (1) lower secondary education or less; (2) upper secondary education; and (3) tertiary education, which is constituted by higher vocational and university education. The percentage of the population with the lowest level is given in table 2. It should be noted that the percentages of lower educated are relatively high at ages 16-24, because part of this group has not yet finished its education.
Subjects were asked whether they smoked daily, smoked occasionally, used to smoke daily, used to smoke occasionally, or never smoked. No distinction was made between smoking cigarettes, pipes, and cigars. We distinguished between ''current daily'' smokers and ''ever daily'' smokers. While inequalities in current smoking express the current situation, inequalities in ever smoking reflects the situation of preceding years. A current smoker was defined as someone who reported smoking daily at the time of the survey. Subjects who reported they used to smoke daily were defined as ever smokers. For Germany and the UK, only data on current smoking were available.
Prevalence rates were age standardised according to the direct method with the population of the European Union and Norway of 1995 as the standard. 13 Prevalence odds ratios were determined using logistic regression. Participants with upper secondary or tertiary education (groups 2 and 3) were combined and used as the reference category in these analyses. The regression analyses were adjusted for age by including a five year categorical age variable into the model. Analyses were stratified for sex. To test whether odds ratios significantly differed between countries we also performed pooled analyses combining all countries. In these analyses we used the x 2 test to judge if the regression model including an interaction term of country by education was significantly different from the model without such an interaction term. All analyses were performed with the SPSS statistical package. 14 We identified four age groups: 16-24 years, 25-44 years, ages 45-64 years, and ages 65+ years. Odds ratios for ''ever daily'' smoking were only determined for the ages 25 years and over, because in the age group 16-24 years the number of ex-smokers was too small to determine educational inequalities with sufficient precision. Table 3 shows the proportion of current smokers and ever smokers for men and women aged 25 years and older for 11 northern and southern European countries. North-south gradients were observed in the prevalence of ''current daily'' smoking and ''ever daily'' smoking among women of the ages 45-64 years and 65+ years. This gradient was not observed for the ages 25-44 years. Spanish women aged 25-44 years smoked more compared to women from most other countries. Finland was an exception in all age groups, showing relatively low smoking prevalence rates compared to other northern countries. Among men, similar northsouth gradients as among women were neither observed for ''current'' nor for ''ever daily'' smoking. Spain and Greece ranked among the countries with the highest ''current daily'' smoking prevalences in all age groups. Figure 1 shows the geographical pattern of educational inequalities in ''current daily'' smoking for women aged 25 years and older. Odds ratios with values significantly higher than 1 imply a higher smoking prevalence in lower educational groups. A geographical pattern was observed, with inequalities for all three age groups being larger in the northern countries than in the southern countries. Odds ratios . 1 were not observed in any of the age groups for Austria and the southern European countries. In contrast, Table 2 Number of subjects for each country and sex (n) and the percentage of the population with a lower level of education (%) inequalities were observed for Denmark, the UK, and Belgium in all of the age groups, for Finland and Ireland in the age groups younger than age 65, and for Germany in the youngest adults only. Figure 2 shows the geographical pattern of educational inequalities for ''ever daily'' smoking for women aged 25 years and over. A north-south pattern of educational inequalities was also observed for ''ever daily'' smoking. There were no odds ratios . 1 for women from Italy, Spain, Greece, and Portugal. Instead, smoking was more common among the higher educated in these countries, especially in Greece and Portugal. The odds ratios for all ages in these countries had values significantly , 1. In the northern countries, most odds ratios were . 1. Inequalities were observed in Finland in the age groups younger than 65 years, and in Denmark, Ireland, and Belgium among the youngest adults only.
RESULTS
The geographical pattern of inequalities in ''current daily'' smoking for men is shown in fig 3. Ireland and the UK showed inequalities in all generations. Finland, Denmark, Germany, Belgium, and Spain showed inequalities among men aged 45-59 years and younger. The other countries only showed inequalities among young adults (ages 25-44 years). A p value of 0.06 of the x 2 test for the young adults indicated that differences between countries in the association of smoking and education could not be determined with statistical significance (at the 95% level). North-south patterns in the magnitude of inequalities were not observed. However, among men older than 44 years, significant inequalities were observed more often in northern European countries as compared to southern European countries.
The results for ''ever daily'' smoking for men are shown in fig 4 . Inequalities in ''ever daily'' smoking were observed in Ireland in all generations (although not significantly among ages 45-64 years), in Finland, Belgium, and Spain in the age groups 45-64 years and younger, and in Denmark, Austria, Italy, Greece, and Portugal in the age group 25-44 years. Negative associations of ''ever daily'' smoking with education occurred earlier (that is, in older age groups) among men than among women.
For the age group 16-24 years the prevalence rates and odds ratios for ''current daily'' smoking are given in table 4. Prevalence of ''current daily'' smoking among women was I r e l a n d G e r m a n y B e l g i u m A u s t r i a I t a l y S p a i n G r e e c e P o r t u g a l A l l 25-44 45-64 65+ Figure 1 Educational inequalities in ''current daily smoking'', women aged 25 and older. Odds ratios comparing low to high education. x 2 test p values for all ages , 0.01; *the confidence interval does not include a value of 1.00. relatively high in the UK and Spain, followed by Denmark, Ireland, Germany, and Belgium. The prevalence among women was relatively low in Portugal and Italy. Among men of this age group, the prevalence was highest in Austria and the UK, but differences between countries in the prevalence of ''current daily'' smoking among men were not large.
With regard to educational inequalities in ''current daily'' smoking among women of 16-24 years, countries can be divided into three groups. In the first group, comprising Finland and the UK, odds ratios were relatively large and significant. In the second group, comprising Denmark, Ireland, Germany, Belgium, Austria, Italy, and Spain, the odds ratios also indicated a disadvantage for the lower educated in terms of smoking, but odds ratios were smaller and not significant. In the third group, comprising Greece and Portugal, the odds ratios were , 1, indicating that the higher educated smoke more. Among men of this age group, the lower educated smoked more in all countries. These inequalities were relatively large and significant in the UK, Belgium, and the southern European countries.
DISCUSSION
This study focused on geographical variations in educational inequalities in the prevalence of ''current daily'' smoking and ''ever daily'' smoking. We identified countries and age groups where educational inequalities in smoking (more among lower groups) had emerged by 1998. We observed a northsouth gradient among women older than 24 years, with higher smoking prevalences and stronger negative associations of education with smoking in the northern countries. For men we did not observe such a geographical pattern. A higher prevalence of smoking among the lower educated occurred later among women than among men (that is, in younger age groups). This would be expected based on the smoking epidemic model and the diffusion of innovations theory. A higher prevalence of smoking among the lower educated in the youngest age group (16-24 years) was found for all countries, with the exception of women from Greece and Portugal.
Some limitations of the study need to be discussed. One limitation is the use of self reported data on smoking, which may result in underreporting of smoking, especially among I r e l a n d G e r m a n y B e l g i u m A u s t r i a I t a l y S p a i n G r e e c e P o r t u g a l A l l 25-44 45-64 65+ Figure 3 Educational inequalities in ''current daily smoking'', men aged 25 and older. Odds ratios comparing low to high education. the youngest ages. If under-reporting of smoking is differentiated by educational status, the patterns that were found in this study may be biased. Some studies have investigated under-reporting in relation to education in different countries and have shown inconsistent results. [15] [16] [17] A review study on self reporting of smoking behaviour concluded that self reports of smoking were quite accurate. 18 Still, we cannot exclude the possibility that under-reporting did occur and that it was differentiated according to education. However, we do not think it likely that the geographical patterns, especially the north-south patterns, can be explained by under-reporting only.
Non-response rates are high in some of the countries. There is no information on the association of baseline nonresponse with education in the ECHP. We cannot exclude the possibility that response bias has influenced our results. However, we would like to stress that our key results conform to a remarkable degree to the predicted trajectory of the smoking epidemic diffusion model, with inequalities in smoking occurring sooner among men and sooner in northern European countries. In addition, our results are to a large extent in agreement with the findings of studies using national survey data. Therefore, we do not think that selection bias can explain the geographical gradient that is observed in our study.
Another limitation relates to the use of level of education as an indicator of socioeconomic status. The distributions of level of education within the populations of some countries were rather skewed. For example, in Italy, Spain, Portugal, and Greece a large proportion of the older, and especially female, populations had a low level of education. Furthermore, education is implicitly skewed towards lower levels in the youngest age group, since a large part of this group has not yet completed their highest level of education. Although these large groups of lower educated are homogeneous in terms of education, variations in terms of income or other socioeconomic indicators may exist within these groups. However, in a forthcoming study on the same data we already reported that income inequalities in smoking almost disappeared after adjustment for education, indicating that education is a stronger predictor of smoking in these countries than income is. 19 The results of this study are comparable with the results of another international study that described differences between countries around 1990, 6 which were obtained from data of national surveys. Their study reported similar northsouth gradients for middle aged and older women as we did. However, their study also reported a weak gradient for older men, which we did not observe. In addition, their study reported a stronger association between high education and smoking for women from Spain and Portugal. These differences may be due to the 10 year difference between the data and may reflect changing inequalities in smoking during the 1990s, with less favourable trends among the lower educated. Both the former international study and our study show results that conform remarkably to the smoking epidemic diffusion model and fit with what would be expected on the basis of it. This is the case for the apparent lag time in socioeconomic inequalities in smoking between northern and southern European countries, and also for the lag between women and men in these European countries. These results indicate that men and women in Europe pass through the same basic trends as the smoking epidemic evolves, and similarly experience socioeconomic inequalities in smoking.
Our results for Spain are in agreement with those of a national study which found that initiation of smoking was higher among higher educated than among lower educated men born from 1924 to 1942, but that this association was reversed among men born from 1944 to 1962. 20 We observed, for the year 1998, that education and smoking were positively related among men aged 65 years and older (born before 1933), but that they were inversely related among men aged 45-64 years of age (born 1934 to 1953). For Italy, higher smoking prevalence was observed among lower educated adult men (aged 25-74 years), and among higher educated adult women in the year 1994. 21 These findings are in agreement with our findings, although the broad age range used in the Italian study does not allow for a more detailed comparison of specific generations. Compared to the results of a study on smoking in Portugal in 1999-2000 and variations in smoking by education, we observed similar patterns of smoking by education and sex-that is, men had a higher prevalence of smoking than women, and among women the higher educated smoked more. 22 We are among the first to report on socioeconomic inequalities in smoking in countries such as Austria, Belgium, and Greece. Data from these countries strengthened the finding of the north-south gradient in the magnitude of socioeconomic inequalities in smoking. The smoking epidemic was the least evolved in Portugal and Greece. These countries still showed higher smoking prevalence among the higher educated women as compared to the lower educated of all age groups. Austria showed a more southern European pattern, as the reversal of inequalities in this country occurred among men and women only among young adults. The results for Belgium were more alike those of northern European countries, such as Denmark and the UK, as the reversal of inequalities had occurred in all generations of Belgian women. The inclusion of the age group 16-24 years was an important element of the study. We have discussed the results for these ages separately because we expect that the limitations mentioned above (the use of self reported data, and education as an indicator of socioeconomic status) apply especially to this age group. Nonetheless, some important patterns were observed. Among women in Italy and Spain, smoking was already more prevalent among lower educated women. The large inequalities in smoking among men aged 16-24 years from most countries should warn us that among men, a reduction in smoking inequalities might not be expected to occur automatically in the near future.
This study is the first to accurately show in which age groups the reversal of inequalities in smoking has occurred in several European countries. Our findings may be used to predict educational inequalities in lung cancer two to three decades after the end of the 1990s, and inequalities in chronic obstructive pulmonary disease somewhat later than that. For example, they imply a continuation of the educational inequalities in lung cancer that are observed among men in many European countries, and among women in the north, 23 and perhaps an emergence of inequalities in lung cancer among women in the south later.
Tobacco control policies should focus more on the lower educated groups specifically instead of only on national populations at large. Despite differences between countries and men and women in timing and magnitude of the smoking epidemic among different generations, men and women of most countries show the same basic trends as they pass through the smoking epidemic. Such a fact should stress the importance, and the opportunities, of international cooperation in reducing inequalities in smoking by designing appropriate tobacco control measures and learning from other countries' experiences with reducing inequalities in smoking.
There is considerable potential to develop comprehensive strategies aimed at reducing tobacco consumption among lower socioeconomic groups. Even though this potential is not being seized upon as yet, many tobacco control measures may work to reduce overall smoking prevalence and at the same time achieve the largest reductions among lower socioeconomic groups. 24 This applies to price policies, but may also apply to other measures if they are targeted to lower socioeconomic groups and tailored towards their needs. For example, removal of financial barriers is a key element for the provision of smoking cessation services to poor people. 25 Similarly, a greater enforcement of supply based measures such as age restrictions on tobacco purchase can have greater effects in poor neighbourhoods, where such restrictions are often enforced less strictly. In addition, geographic targeting may be useful, such as the provision of services or interventions in deprived neighbourhoods. Mass media and public education approaches may achieve greater effects among lower socioeconomic groups by tailoring their messages, materials, and channels according to the needs of these groups.
Finally, marketing strategies of tobacco companies play a significant role in the diffusion of smoking. 26 For example, tobacco marketing is taking advantage of the changing roles of women in southern European countries by creating images that link smoking among women with emancipation. 27 If such marketing strategies are allowed to continue, they will have a large impact on the future prevalence of smoking in these populations, including that of the most disadvantaged. A total ban on tobacco advertisement and promotion may therefore be a necessary step to prevent socioeconomic inequalities in smoking, and smoking related disease.
What this paper adds
Studies have shown that the distribution of the smoking epidemic in Europe is geographically patterned. The epidemic is further advanced in northern European countries than in southern European countries. There is also evidence that this north-south gradient applies to socioeconomic inequalities in smoking.
We accurately identified those generations of women and men in which a negative association of education with smoking had emerged in 1998 for several European countries. Our international overview is among the first to include data from Austria, Belgium, Portugal, and Greece. We showed that a north-south gradient still prevails among women older than 24 years in 1998. For men such a gradient was not observed, as the magnitude of inequalities in smoking was similar everywhere. We found a negative association of education with smoking among men and women aged 16-24 years from all countries, with the exception of young women from Greece and Portugal.
